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Original Article

Cancer detection in patients with prostate-specific antigen 
levels within the grey zone: can synthetic magnetic resonance 
imaging aid in the differentiation between prostate cancer and 
noncancerous lesions? 
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Background: The detection of prostate cancer (PCa) via conventional magnetic resonance imaging (MRI) 
in patients with prostate-specific antigen (PSA) levels within the grey zone remains challenging. Whether 
synthetic MRI can provide supplementary benefits for the accurate diagnosis of PCa in this specific population 
is still unknown. This study aims to investigate the diagnostic performance of synthetic MRI for differentiating 
PCa lesions from noncancerous lesions in patients with PSA levels within the grey zone (4–10 ng/mL).
Methods: Clinical and MRI data, including synthetic MRI data of patients suspected of having PCa 
between August 2020 and August 2022, were retrospectively collected from The First Affiliated Hospital of 
Sun Yat-sen University and Sun Yat-sen University Cancer Center. Patients with PSA levels ranging from 
4–10 ng/mL were enrolled. Pathology was obtained either from transrectal ultrasound-guided biopsy or 
radical prostatectomy. Regions of interest were manually drawn by two independent radiologists, and the 
values of quantitative parameters, including longitudinal relaxation time (T1), transverse relaxation time (T2), 
proton density (PD), and apparent diffusion coefficient (ADC), were separately measured. Interobserver 
agreement was evaluated using the interclass correlation coefficient (ICC). The differences in quantitative 
parameter values between PCa and noncancerous lesions were assessed using an independent sample t-test 
or the Mann-Whitney U test. Receiver operating characteristic curve analysis was performed to evaluate 
the diagnostic performance of each parameter (T1, T2, PD, and ADC values), as well as their combination. 
P<0.05 indicated statistical significance.
Results: A total of 130 patients were enrolled in this study, with a mean age of 67.32±8.87 years. The 
interobserver agreement of all the T1, T2, PD, and ADC values was classified as good or above (ICC 
=0.60–1.00). The means of the T1, T2, PD, and ADC values were significantly different between PCa 
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Introduction

Prostate cancer (PCa) is the second most common 
malignancy worldwide and also the fifth leading cause of 
global cancer death among men in 2022, which seriously 
threatens male health (1). Multiple PCa risk stratification 
tools, which consist of biomarkers based on blood and 
urine, risk calculators and magnetic resonance imaging 
(MRI), are applied to early screening, detection and 
diagnosis of PCa in current researches and guidelines (2-4).  
The prostate-specific antigen (PSA) test, which serves as 
the primary screening method, significantly contributes to 
the early detection of PCa (5-7). However, the specificity 
of PSA is widely considered low (8), especially when it is 
located in the grey zone at 4–10 ng/mL, since it can also 
result from various clinical conditions such as prostatitis, 
benign prostatic hyperplasia, digital rectal examination 
(DRE), transurethral examinations and so on. Therefore, 
PCa screening by PSA test is still debated (9). The 
limitation may lead to overdiagnosis, potentially causing 
unnecessary anxiety for patients, as well as the unnecessary 
biopsy or overtreatment. About up to 80% of biopsies are 
unnecessary for this population. Though some researchers 
have proposed that PSA density (PSAD) can assist in 
differentiating prostatitis and PCa in patients with PSA  
>4 ng/mL (10), there are still some limitations due to the 
fact that measurements of PSA and prostate volume are not 
standard and nor stable. Hence, detecting and screening 
PCas among this group of patients remain significant 
clinical challenges.

Multiparametric MRI (mpMRI), including T1, T2, 
diffusion-weighted imaging (DWI), and dynamic contrast 
enhancement (DCE), is the presently recommended 
imaging method for the diagnosis of prostate diseases, 
which promotes the early detection of intermediate/high-
risk PCa cases (11,12). Prostate Imaging Reporting and 
Data System (PI-RADS) has been released to standardize 
the acquisition and interpretation of mpMRI images, 
which is now wildly used in the world (13,14). However, 
the subjectivity of each radiologist may influence the image 
interpretation and lead to false-positive results. There 
are still significant difficulties in differential diagnosis 
still exist for patients with a PSA level in the grey zone, 
especially when PSA combined with atypical MRI findings. 
Previous research indicates that the apparent diffusion 
coefficient (ADC) value from mpMRI demonstrates 
excellent performance in the detection and differential 
diagnosis of PCa, offering a quantitative representation 
of histopathological  changes of prostate (15-18).  
The detection effectiveness of quantitative ADC values for 
PCa in this specific population needs further validation.

Synthetic MRI is an innovative quantitative MRI 
technique that utilizes a multidynamic multiecho (MDME) 
sequence to acquire absolute quantitative relaxation maps, 
including T1, T2, and proton density (PD), only in a single 
scan. It alternately acquires signals for each slice using 
different echo times and saturation delays. After a single scan, 
it can obtain the R1 and R2 image relaxation matrix of tissue, 
as well as the PD mapping. It relies on R1 and R2 to generate 

and noncancerous lesions (P=0.022, P<0.001, P=0.035, P<0.001, respectively). Notably, the ADC value 
demonstrated superior diagnostic performance compared to that of the other parameters, with an area under 
the curve (AUC) of 0.854 [95% confidence interval (CI): 0.781–0.909]. The combination of T1, T2, PD, and 
ADC values had a greater diagnostic performance (AUC =0.853, 95% CI: 0.781–0.909) than the T1 (AUC 
=0.622), T2 (AUC =0.721), or PD (AUC =0.608) values for differentiating PCa lesions from non-cancerous 
lesions. However, compared to the difference in the ADC value, no significant difference was found (P=0.982).
Conclusions: Quantitative parameters, including T1, T2, and PD, derived from synthetic MRI can be 
applied to differentiate PCa lesions from noncancerous lesions in patients with PSA levels within the grey 
zone. However, when these parameters were combined with the ADC, the diagnostic performance did not 
improve compared to that with the ADC value alone.
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T1 mapping and T2 mapping, and then automatically 
reconstructs any contrast-weighted images. The image 
contrast acquired is dependent on the pixel values in the 
synthetic images, rather than the signal intensity changes 
produced by different tissue components in conventional 
MRI (19,20). This technique enables objective quantification 
of the biophysical characteristics of lesions and provides 
more objective data (21). Several studies have reported that 
quantitative parameters derived from synthetic MRI can 
assist in the diagnosis of diverse diseases including cancers 
and noncancerous diseases (20,22-26). Moreover, synthetic 
MRI has also been applied in the diagnosis of PCa (27-31).  
Nevertheless, to the best of our knowledge, no existing 
studies exploring the potential utility of synthetic MRI in the 
differential diagnosis of prostate lesions in patients with PSA 
in the grey zone have been reported.

Therefore, the aim of this study was to investigate the 
diagnostic performance of synthetic MRI for differentiating 
benign and malignant prostate lesions among patients with 
PSA levels within the grey zone, and further assess whether 
the novel synthetic MRI is prior to conventional ADC value 
for increasing PCa detection and improving prognosis of 

these specific patients. We present this article in accordance 
with the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1014/rc).

Methods

Patients

Clinical and MRI data were retrospectively collected from 
patients who were clinically suspected of having PCa at The 
First Affiliated Hospital of Sun Yat-sen University and Sun 
Yat-sen University Cancer Center between August 2020 and 
August 2022. All consecutively included patients underwent 
a serum PSA test and mpMRI examination, which included 
synthetic MRI and DWI, before treatment, and transrectal 
ultrasound (TRUS)-guided biopsy or radical prostatectomy 
was subsequently performed within the next two weeks. 
This was done to exclude the influence of other factors such 
as disease progression and drug treatment, ensuring that 
the imaging findings match the pathological examination 
as closely as possible. According to the pathologic results, 
patients were divided into two groups: the PCa group 
defined as having Gleason score (GS) ≥3+3 (Grade Group 
1–5); the noncancerous prostatic lesion group, including 
prostatitis, benign prostatic hyperplasia, and other benign 
lesions. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board of the 
First Affiliated Hospital of Sun Yat-sen University and Sun 
Yat-sen University Cancer Center {No. [2023]094} and 
individual consent for this retrospective analysis was waived.

The inclusion criteria of the study were as follows: (I) 
total PSA level was within 4–10 ng/mL; (II) all patients 
received mpMRI examination, including synthetic MRI 
and DWI, prior to biopsy or radical prostatectomy; and 
(III) pathological findings were clear and complete. The 
exclusion criteria were as follows: (I) a history of treatments 
(medication, pelvic radiation, chemotherapy) or specialized 
examinations (DRE, transurethral instrument examination) 
before the PSA test and MRI examination; (II) previous 
prostate puncture or surgery, such as transurethral resection 
of prostate; (III) insufficient MRI data or poor quality 
of images; and (IV) a lack of pathological results. The 
flowchart of patient selection is shown in Figure 1.

MRI protocol

MR images of all patients from the two centres were 

148 patients with PSA level of 4–10 ng/mL 
received prostate MRI examination

PSA test was performed in clinically 
suspected PCa patients prior to MRI 

examination 

Excluded: 5 patients with 
image artifacts and 11 patients 

who underwent prostate 
surgery before MRI acquisition

Excluded: 2 patients without 
complete pathological 

diagnosis

132 patients underwent TRUS-guided 
biopsy or radical prostatectomy

130 patients finally enrolled in study (55 for 
PCa and 75 for non-cancerous lesions)

Figure 1 The flowchart of patients’ selection. PSA, prostate-
specific antigen; PCa, prostate cancer; MRI, magnetic resonance 
imaging; TRUS, transrectal ultrasound.
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acquired using a 3.0 T MRI scanner (Signa Pioneer, 
GE, Milwaukee, WI, USA) equipped with an 8-channel 
body phased array coil. The full MRI protocol comprises 
conventional contrast-weighted images (including axial T1-
weighted images, axial, coronal, and sagittal T2-weighted 
images), axial DWI, and axial synthetic MRI.

(I) Axial T1-weighted fast spin echo (FSE) images: 
[repetition time/echo time (TR/TE), 661/8 ms; slice 
thickness,  3 mm; f ield of view (FOV), 240 mm ×  
240 mm; matrix, 352×288; number of excitations (NEX), 
2; acquisition duration, 1 min 43 s]. (II) Axial, coronal, 
and sagittal T2-weighted PROPELLER images: (TR, 
2,300/2,300/2,200 ms; TE, 90/90/90 ms; slice thickness, 
3/3/3 mm; FOV, 240 mm × 240 mm/260 mm × 260 mm/ 
240 mm × 240 mm; matrix, 352×352/352×352/352×352; 
NEX, 3.00/2.25/2.00 times; acquisition duration, 2 min 
33/19/07 s). (III) Axial DWI images with b values of 50, 
1,000 and 1,500 s/mm2 were obtained by a single-shot 
echo-planar sequence (TR, 5,837/5,975 ms; slice thickness,  
3/3 mm; FOV, 260 mm × 130 mm; matrix, (128×80)/
(128×64); NEX, (2/16)/16 times; acquisition duration,  
5 min 21 s/4 min 53 s). (IV) Axial synthetic MRI used a 
2D MDME sequence with the following parameters: TR,  
4,000 ms; TE1, 15.6 ms, TE2, 93.4 ms; slice thickness,  
4 mm; FOV, 220 mm × 286 mm; matrix, 320×256; NEX,  
1 time; acquisition duration, 6 min 8 s.

ADC maps were automatically calculated and generated 
from the raw DWI dataset based on b values of 50 and  
1,000 s/mm2. The quantitative parameter maps (T1, T2 and 
PD maps) of synthetic MRI were converted and generated 
using GE postprocessing software (SyMRI7.2; Synthetic 
MR, Linköping, Sweden).

Image postprocessing and analysis

The raw MDME data were processed using SyMRI7.2 
software provided by above vendor to obtain quantitative 
parameter maps of TI, T2, and PD. Additionally, the AD 
map, combined with the quantitative parameter maps of 
TI, T2, and PD, was imported into ITK-SNAP software 
(version 3.8.0, 2019; www.itksnap.org). Two independent 
radiologists (W.C. and Y.C., with 2 and 4 years of pelvic 
imaging experience) who were blinded to the clinical 
information and pathological results manually delineated 
regions of interest (ROIs) in consecutive sections of each 
lesion on quantitative parameter maps by referring to the 
pelvic imaging. Simultaneously, quantitative parameters, 
including T1, T2, PD, and ADC values, were measured. 

All ROIs were drawn along the margin of the lesions 
encompassing the lesion areas as much as possible 
while excluding image artifacts, calcification, suspected 
hemorrhage, cysts, etc. Typical lesions were included in the 
analysis if there were multiple lesions. In instances where 
disagreements emerged, a consensus was reached after 
discussion with a senior radiologist (H.W.) with 14 years 
of pelvic imaging experience. Finally, the average T1, T2, 
PD, and ADC values were automatically calculated in the 
ROIs for each participant. The average values from the two 
radiologists were used for analysis.

Histopathological standards

The gold standard was based on the pathological 
examinat ion of  specimens obtained from radical 
prostatectomy and TRUS-guided biopsy. Before puncture 
operation, the prostate magnetic resonance images of 
patients would be read regularly by the same doctor with at 
least 10 years of prostate biopsy experience in interventional 
ultrasound department. Afterward, specimens of 12 cores 
including targeted suspicious lesions were successfully 
obtained. When patients underwent both puncture and 
radical prostatectomy, the pathological specimen from 
the radical prostatectomy was selected as the definitive 
reference standard. Based on the pathological results, the 
histopathological types were categorized into PCa (GS 
≥3+3, Grade Group 1–5) and noncancerous lesions, which 
included benign prostatic hyperplasia, prostatitis, and other 
benign lesions.

Statistical analysis

Statistical Package for Social Sciences (SPSS) software 
(version 27.0, IBM, Armonk, NY, USA) was used for 
statistical analysis. The normality and homoscedasticity of 
the counting data were tested, and normally distributed 
count data were expressed as the mean ± standard deviation. 
The differences between PCa and noncancerous lesions 
were compared via an independent sample t-test (two-
tailed). Otherwise, the data were expressed as medians (first 
quartile, third quartile), and the two-tailed Mann-Whitney 
U test was used for intergroup comparisons. Interobserver 
agreement was evaluated by using the interclass correlation 
coefficient (ICC). The interobserver reliability was classified 
as poor (ICC <0.4), moderate (ICC =0.4–0.59), good (ICC 
=0.6–0.74), or excellent (ICC =0.75–1.00). Multivariate 
logistic regression analysis was used to assess the combined 
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Table 1 Clinical data and lesion characteristics of patients enrolled in this study (n=130)

Parameters PCa (n=55) Non-PCa (n=75) P value

Age (years) 70.09±6.66 65.29±9.74 0.001

TPSA (ng/mL) 7.26 (5.89, 8.46) 6.76 (4.98, 8.03) 0.839

FPSA (ng/mL) 1.04 (0.71, 1.61) 1.12 (0.73, 1.57) 0.169

FPSA/TPSA 0.14 (0.10, 0.26) 0.17 (0.13, 0.25) 0.105

Location of lesion

PZ 42 18

TZ 13 57

Type of specimen

TRUS-guided biopsy 16 62

Radical prostatectomy 39 13

ISUP GG and GS

Benign tissue – 75

Grade 1 (3+3) 4 –

Grade 2 (3+4) 24 –

Grade 3 (4+3) 15 –

Grade 4 (4+4) 9 –

Grade 5 (>4+4) 3 –

Data are expressed as mean ± standard deviation or median (first quartile, third quartile). PCa, prostate cancer; non-PCa, non-cancerous 
lesions, including benign prostatic hyperplasia, prostatitis, etc.; TPSA, total prostate-specific antigen; FPSA, free prostate-specific antigen; 
TZ, transitional zone; PZ, peripheral zone; TRUS, transrectal ultrasound; ISUP, International Society of Urological Pathology; GG, Grade 
Group; GS, Gleason Score.

diagnostic performance of the parameters. Both the receiver 
operating characteristic (ROC) curve and the calculation 
of each area under the curve (AUC) were sequentially 
performed by using the MedCalc (version 19.2; Ostend, 
Belgium; www.medcalc.org) program. Therefore, the 
diagnostic performance of the T1, T2, PD, and ADC values 
and their combination in distinguishing PCa lesions from 
noncancerous lesions were assessed. The optimal cut-off 
was determined by the Youden-index. Areas under the curve 
(AUCs) were compared using the Delong test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics

The detailed clinical data of the eligible patients can be 
found in Table 1. A total of 130 patients (101 from the First 
Affiliated Hospital of Sun Yat-sen University and 29 from 

Sun Yat-sen University Cancer Center) with 130 prostate 
lesions were ultimately included in the study. The mean age 
of the patients was 67.32±8.87 years, and the mean total 
PSA (TPSA) level was 6.93 (5.61–8.25) ng/mL. According 
to adopted the pathological results, 42.3% (55 out 130) of 
the patients were confirmed to have PCa, and 57.7% (75 
out of 130) had noncancerous lesions such as prostatitis, 
benign prostatic hyperplasia. There was a significant 
difference in the age distribution between patients with PCa 
and patients with noncancerous lesions (P<0.05), while the 
overall distributions of TPSA, free PSA (FPSA), and the 
PSA ratio (FPSA/TPSA) were not significantly different 
(P=0.839, 0.169, 0.105, respectively).

Interobserver agreement

The interobserver agreement of the quantitative parameters 
(T1, T2, PD, and ADC value) measured by the two observers 
was considered good and above, with ICCs of 0.876, 0.947, 

http://www.medcalc.org
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0.647, and 0.981, respectively, shown in Table 2.

Quantitative parameters derived from synthetic MRI and 
DWI sequences

Significant differences were observed in the mean T1, T2, 
PD, and ADC values between the cancer group and the 
noncancerous lesion group (P<0.05), with lower values 
consistently found in the PCa group (Table 3). Figures 2,3 
show the MR findings of patients with PCa and benign 
lesions, respectively.

Diagnostic performance of MRI parameters in 
differentiating PCa from noncancerous lesions

The results of the ROC analysis are shown in Table 4 and 
Figure 4. The ADC value demonstrated the highest AUC 
(0.854; 95% CI: 0.781–0.909) for differentiating PCa 
from noncancerous lesions. The optimal cut-off value was 
determined to be 1,036.22×10−6 mm2/s, with a sensitivity of 
80% and a specificity of 80%. The AUC of the combination 
of T1, T2 and PD was 0.731 (95% CI: 0.647–0.805), which 
didn’t show higher diagnostic performance compared with 
ADC value. Furthermore, the combination of T1, T2, 

PD and ADC values achieved the AUC of 0.853 (95% CI: 
0.781–0.909), which significantly improved the diagnostic 
performance for distinguishing PCa compared to the 
individual values of T1, T2, and PD (AUC =0.622, 0.721, 
0.608, all P<0.05), except for the ADC value (P>0.05).

Discussion

In this study, the results revealed that cancer lesions 
exhibited significantly lower T1, T2, PD and ADC values 
than benign prostate lesions in patients with PSA levels 
in the grey zone. These findings are consistent with 
previous findings that the T1 value, serving as an indicator 
of water and biomolecule content in tissues (32), can be 
used to distinguish PCa from noncancerous tissues (27); 
however, one study has reported that there is no statistically 
significant difference in T1 values between benign and 
malignant lesions in the peripheral zone of the prostate (33), 
suggesting that the diagnostic performance of the T1 value 
in prostate diseases still needs to be further explored.

In our study, significantly lower T2 value was also shown 
for PCa lesions than for noncancerous lesions for patients 
with PSA levels in the grey zone, which is consistent with 
the findings of several previous studies reporting that the 

Table 2 Consistency analysis between the two-reader

Parameters Reader 1 Reader 2 ICC

T1 (ms) 1,351.02 (1,236.13, 1,450.99) 1,358.87 (1,238.56, 14,47.36) 0.876

T2 (ms) 90.51 (81.16, 103.14) 90.71 (81.19, 103.55) 0.947

PD (pu) 81.60 (79.81, 83.51) 81.69 (79.70, 83.48) 0.647

ADC (×10−6 mm2/s) 1,086.80±237.19 1,089.79±234.37 0.981

Data are expressed as mean ± standard deviation or median (first quartile, third quartile). Reliability was considered poor (ICC, <0.40), 
fair (ICC, 0.4–0.59), good (ICC, 0.60–0.74), or excellent (ICC, 0.75–1.00). PD, proton density; ADC, apparent diffusion coefficient; ICC, 
interclass correlation coefficient.

Table 3 Comparisons of quantitative parameters derived from synthetic MRI and ADC value

Parameters PCa Non-PCa P value

T1 (ms) 1,314.12±138.07 1,378.94±180.17 0.022

T2 (ms) 85.51 (78.97, 90.52) 97.27 (84.60, 106.98) <0.001

PD (pu) 80.93 (80.20, 82.60) 82.32 (79.41, 84.09) 0.035

ADC (×10−6 mm2/s) 937.07±173.21 1203.13±204.02 <0.001

Data are expressed as mean ± standard deviation or median (first quartile, third quartile). MRI, magnetic resonance imaging; ADC, 
apparent diffusion coefficient; PCa, prostate cancer; Non-PCa: non-cancerous prostatic lesions, including benign prostatic hyperplasia, 
prostatitis, etc.; PD, proton density.
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A B C D
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Figure 2 Prostate MR images of a 63-year-old man with PSA level is 9.41 (ng/mL). A lesion was found located in the right TZ (white 
arrow), which was pathologically confirmed to be PCa (GS 3+5). (A-C) T1-, T2- and PD-weighted images obtained from SyMRI all show 
a low-signal intensity focus in the right TZ. (D) Axial diffusion-weighted image (b=1,500 s/mm2) demonstrates a high-signal intensity. This 
finding is corroborated by the (H) ADC map, which also reveals a low-signal intensity at the focus point corresponding to the location of 
the abnormal signal on the SyMRI scan. This abnormal signal is indicative of restricted diffusion. And the mean ADC value measured by 
the two radiologists was 862.31×10−6 mm2/s. (E-G) SyMRI-derived T1, T2 and PD maps indicate that the mean T1, T2, and PD values of 
the lesion measured by the two radiologists were 1,377.34 ms, 85.52 ms and 82.38 pu, respectively. MR, magnetic resonance; PSA, prostate-
specific antigen; TZ, transition zone; PCa, prostate cancer; PD, proton density; SyMRI, synthetic magnetic resonance imaging; ADC, 
apparent diffusion coefficient.

T2 relaxation time of PCa patients is significantly lower 
than that of noncancerous areas in patients with varied PSA 
levels (29,30,34-36). This might be because the proliferation 
of cancer cells in the prostate replaces relatively loose 
normal glandular tissue, resulting in a decrease in the T2 
relaxation time in the corresponding area (37,38). We first 
applied this T2 value in the differentiation of prostate 
diseases in patients with PSA levels in grey zone, and the 
results suggested that the T2 value is highly feasible and 
reproducible for helping detect histopathological changes 
in prostate lesions regardless of PSA level. Similarly, Song 
et al. also found that T2 value have diagnostic performance 
comparable to that of ADC (AUC: 0.963 vs. 0.991), and 
can further distinguish low risk from intermediate/high risk 
PCa (30).

Additionally, we also observed that PD values were 
lower in cancer lesions than in noncancerous lesions 
among patients with PSA in the grey area. However, its 
diagnostic performance was lower than that of the T1 or 
T2 values. Similarly, a previous study conducted by Cui  
et al. (27) reported that PD was not significantly associated 

with distinguishing PCa from stromal hyperplasia nodules 
or from the normal peripheral zone; moreover, PSA levels 
were not analyzed in that study. However, another study 
argued that PD values have certain value in the detection of 
bone metastasis in PCa (39). Thus, the potential application 
of PD in the differential diagnosis of PCa, especially when 
patients have a PSA level within the grey zone, also remains 
to be validated.

Our  resu l t s  demonstrated  that  the  d iagnost ic 
performance of a single ADC value outperformed that of 
the other parameters and was comparable to that of the 
combination of the ADC and synthetic MRI parameters. 
Recently, Gao et al. reported that the diagnostic model 
combining synthetic MRI (T2 + PD) with ADC value (AUC: 
0.818) shows promise in differentiating low risk PCa and 
its risk upgrade (31). We have also observed similar results, 
confirming that synthetic MRI has positive significance 
in the diagnosis of PCa for patients in the grey zone, 
providing a radiological reference for decisions on biopsy 
and clinical treatment. However, it cannot be overlooked 
that a previous study conducted by Cai et al. (25) indicated 
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Table 4 Diagnostic performance of T1, T2, PD, and ADC values in differentiating PCa from non-cancerous lesions

Parameters AUC (95% CI) Cutoff value Sensitivity (%) Specificity (%)

T1 (msec) 0.622 (0.532, 0.705) 1,404.88 83.64 48

T2 (msec) 0.721 (0.636, 0.796) 95.59 85.45 57.33

PD (pu) 0.608 (0.519, 0.693) 82.52 76.36 48

ADC (×10−6 mm2/s) 0.854 (0.781, 0.909) 1,036.22 80 80

T1 + T2 + PD 0.731 (0.647, 0.805) 81.82 57.33

T1 + T2 + PD + ADC 0.853 (0.781, 0.909) 83.64 74.67

PD, proton density; ADC, apparent diffusion coefficient; PCa, prostate cancer; AUC: area under the curve; CI, confidence interval.

A B C D

E F G H

Figure 3 Prostate MR images of an 84-year-old man with PSA level of 7.28 ng/mL. A lesion was found located in the right TZ (white 
arrow), which was pathologically confirmed to be benign prostatic hyperplasia. (A-C) T1-, T2- and PD-weighted images were obtained 
from SyMRI. Both T2- and PD-weighted images show a slightly hyperintense signal in the right TZ. Both (D) axial diffusion-weighted 
image (b=1,500 s/mm2) and ADC map (H) demonstrate no evidence of diffusion restriction with an intermediate-signal intensity at the focus 
point corresponding to the location of the abnormal signal on the SyMRI scan. And the mean ADC value measured by the two radiologists 
was 1,323.78×10−6 mm2/s. (E-G) SyMRI-derived T1, T2 and PD maps indicate that the mean T1, T2, and PD values measured by the two 
radiologists were 1,589.05 ms, 97.23 ms and 85.20 pu, respectively. MR, magnetic resonance; PSA, prostate-specific antigen; TZ, transition 
zone; SyMRI, synthetic magnetic resonance imaging; PD, proton density; ADC, apparent diffusion coefficient.

that synthetic MRI was slightly inferior to the ADC value in 
differentiating high-grade from low-grade bladder cancer. 
This suggests that mpMRI still plays an irreplaceable role in 
the detection of PCa in the PSA grey zone population (40). 
Other imaging methods such as prostate-specific membrane 
antigen positron emission tomography/computed 
tomography (PSMA PET-CT) and ultrasound also offer 
benefits in the diagnosis of PCa. However, less attention was 
paid to PSA grey zone population, and the aforementioned 

imaging methods emphasized the combination with clinical 
indicators (41-44). Comparative studies on synthetic MRI 
with these imaging methods require further exploration 
and validation. Therefore, based on our research findings, 
we recommend considering ADC as a crucial factor in the 
diagnosis of prostate diseases in patients with PSA in the 
grey zone, as this approach further offers simplicity and 
improved accuracy in the diagnostic process.

Several limitations must be acknowledged in our study. 
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First, our retrospective study was limited by a relatively 
small sample size, although the data were collected from 
a dual-centre, and further prospective studies with larger 
sample sizes are still needed. Second, in this article, we only 
explored the diagnosis of benign prostatic lesions versus 
PCa (GS ≥3+3) rather than the issue of clinically significant 
PCa (csPCa) diagnosis as our study is merely a preliminary 
exploration of differential diagnosis for PCa. We believe 
that some clinically insignificant lesions (GS =3+3) should 
also be distinguished from benign prostatic lesions, as these 
lesions are also recommended for active follow-up and 
surveillance (45). The performance of synthetic MRI for 
the diagnosis of csPCa, and even ambiguous PI-RADS 3 
lesions requires further in-depth exploration in the future. 
And it should be noted that the mean age of patients in the 
PCa group was significantly greater than that of patients in 
the noncancerous lesion group. These age differences may 
introduce variations in quantitative parameters (T1, T2, 
PD, and ADC values) between the prostate tissue itself and 
prostate lesions among patients in different age groups (5);  
such variations might impact the study results although 
they need to be further explored. Additionally, we did not 
delineate ROIs for multiple lesions, which might introduce 

bias into the study. Considering the potential impact of 
these factors, further prospective researches in multiple 
centers should aim to address these limitations for a more 
comprehensive analysis.

Conclusions

In conclusion, synthetic MRI is feasible and helpful for 
distinguishing PCa lesions from noncancerous lesions 
among patients with PSA levels in the grey zone. However, 
this approach cannot significantly improve the differential 
diagnostic performance of the ADC value. Thus, in clinical 
practice, we still recommend prioritizing the use of the 
ADC value for PCa screening in patients with PSA levels in 
grey zone.
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Figure 4 ROC curve analyses of the T1, T2, PD, ADC values, 
and their combination for differentiating PCa. The areas under the 
ROC curves for the mean T1, T2, PD and ADC values were 0.622, 
0.721, 0.608, 0.854, 0.731 and 0.853, respectively. ROC, receiver 
operating characteristic; PD, proton density; ADC, apparent 
diffusion coefficient; CI, confidence interval; PCa, prostate cancer.
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